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Issued this day of

This permit shall become effective

Stephen S. Tuber

*Acting Assistant Regional Administrator
Office of Partnerships and

Regulatory Assistance

* NOTE: The person holding this title is referred to as the "Director” throughout this
permit.
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PART II. SPECIFIC PERMIT CONDITIONS

A.  WELL CONSTRUCTION/CONVERSION REQUIREMENTS

1.

EPA Final Permit No. CO 10938-02115

Casing and Cementing. The construction details submitted with the application are
hereby incorporated into this permit as Appendix A which graphically displays the
details of the injection well under consideration. The construction shown in

Appendix A is binding on the permittee,

Tubing and Packer Specifications. This well shall have a tubing and packer suitable
for the proposed injection activity. The packer shall set on tubing and maintained at
a location that is no more than 300 feet above the top most perforation at 9,276 feet.

Monitoring Devices. The primary method of monitoring shall be continuous
pressure monitoring of the injection and casing tubing annulus pressure (at the
welthead) and continuous monitoring of the injection rate and volume. Prior fo
beginning Class I non-hazardous injection operation, the operator shall install and
maintain in good operating condition the following equipment:

(a) Injection pressure: a continuous pressure monitoring device in the injection
tubing at the wellhead shall be connected to either a continnous chart
recorder with a resolution of at least S psi or 2 digital recording system
with a sampling frequency of at Jeast every 30 seconds; and a one-half
(*2) inch Female Iron Pipe (FIP) fithing, isolated by plug or globe valves and
located on the tubing to allow attachment of one-haif (*4) inch Male Iron
Pipe (MIP) pressure gauges or the attachments for equivalent "quick-
disconnect” pressure gauges certified for ninety-five (95) percent accuracy,
or better, throughout the range of permitted operation in order to verify
values for injection pressure being recorded from the continuous monitoring

device.

{b) Wellkead pressure of the tubing/casing annular space: a continuous
pressure monitoring device in the wellhead casing/tubing annulus shall be
connected to either a continuous chart recorder with a reselution of at
least 5 psi or a digital recording system with a sampling frequency of at
least every 30 seconds; and a one-half (4) inch Female Iron Pipe (FIP)
fitting, isolated by piug or globe valves, and located on the tubing/casing
armnulus; and the above fittings shall be positioned to allow attachment of
one-half () inch Male Iron Pipe (MIP) pressure gauges or the attachments
for equivalent "quick-disconnect” pressure gauges certified for ninety-five
(95} percent accuracy, or better, throughout the range of permitted operation
in order to verify values for injection pressure being recorded from the

continuous monitoring device,
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The tubing/casing annulus shall be maintained full of either fresh water
treated with a non-toxic corrosion inhibitor or other packer fluid as
approved, in writing, by the Director. This fluid shall be maintained under
a positive pressure of between 100 and 200 psi. A diesel freeze blanket or
other fluid as approved, in writing, by the Director may be circulated from
surface to below frost level at completion to prevent freezing and possible
equipment failure during winter months,

(¢) Well shutdown: the continuous monitoring system shall have automatic
well shut down switches, such as a Murphy switch, installed which shall
shut-in the well if either of the following occur:

(i) The surface injection (tubing) pressure shall be operated at pressures
less than 3,700 psi. Any increase in pressure that exceeds 3,695 psi
shall result in an immediate shut down of the injection pumps; or

(i)  Because the gas pressure will vary as a result of fluctuation in the
injectate temperature, the tubing/casing annulus pressure shall be
maintained between 100 and 200 psi. Any operation outside of this
range shall result in an immediate shut down of the injection pumps.
When adjusting the annulus fluid pressure, the operator shall use the

target value of 150 psi;

(d) Fluid volume and flow rate: Flow meters {(magnetic or turbine) and
continuous recording devices, such as a chart recorder with an accuracy of 1
barrel per minute or a digital recording system with a sampling frequency of
at least every 30 seconds shall be installed in the injection line immediately
upstream of the wellhead to track and document disposal fluid flow rates,

and total fluid volumes.

For a given injection rate, the injection pressure should remain relfatively
constant. Input flow volumes shall be cross checked against injection
pressure records to identify any possible divergence in the injection pressure
for a given flow rate. A drop in injection pressure without a corresponding
reduction in input flow rate may indicate a possible casing, packer, or other

failure; and

(e} Fluid analysis: the injection line shall be equipped with sampling ports and
appropriate connections to {acilitate periodic collection of fluid samples
© representative of the injection fluids for chemical analysis. The sampling
point shall be in an unobstructed portion of the injection line down
stream from the tanks but prior to the injection pumps.
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4. Proposed Changes and Workovers, The permittee shall give advance notice as soon
as possible to the Director of any planned physical alterations or additions to the

permitied well. Major alterations or workovers of the permitted well shall meet all
conditions as set forth in this permit. A major alteration/workover shall be
considered any work performed, which affects casing, packer(s), or tubing.

The permittce shall provide all records of well workovers, logging, or other test data
to EPA as part of the quarterly repert for the period in which the activity was
completed. Appendix B contains samples of the appropriate reporting forms.

Demonstration of mechanical infegrity (tubing/casing annulus pressure test,
Appendix G) shall be performed within thirty (30) days of completion of
workovers/alterations and prior to resuming injection activities, in accordance with

Part [T, Section C. 2. (a) of the Permit.

5. Logeging and Weil Testing Specifications. The permittee shall give at least two
days, advance notice to the Director of any planned logging or testing. This notice
shall include a plan for conducting the proposed test or log. The test plan shall be

developed using the Guidelines in Appendix I:

(a) After any workover that involves any remedial cementing of the casing, the
operator shall run a new cement bond log (with a gamima ray, travel time
curve, casing collar locator, amplitude curve, and variable density log) that
covers the area of the cementing to verify the adequacy of the cement
placement. This log will be run following the guidelines in Appendix D;

and

(b) A pressure fall-off test is required for Class I operations {40 CFR § 146.13
(d) (1)] and must be performed at least once every twelve months for the
purpose of monitoring pressure buildup in the injection zone in order to
detect any significant loss of fluids due to fracturing in the injection and/or
confining zone, and to aid in determining the lateral extent of the injection

plume.

The initial yearly pressure falloff test shall take place during the month of
April 2004. Any subsequent falloff tests shall be run within a one week
period of the date of the initial falloff test The pressure fall-off tests shall
involve injecting fluids at a constant rate for at least twenty-four (24) hours,
or a sufficient period of time (which ever is greater) until the reservoir
pressure reaches stability (radial flow conditions, as determined by a field
evaluatjon of the raw data), followed immediately by a shut-in period of
sufficient duration to establish a valid observation of a pressure fall-off

curve.
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The Operator shall develop a test plan {t 1 ca-ducting the pressure falloff
test. Appendix I contains a guideline’ ior gor. ducting pressure falloff tests
that was developed by EPA Region VI fof us s in developing a site specific
plan. The final test plan shall be suhnitjed # Region VI for review and
approval, at least, 30 days prior to colductir g the annual pressure falloff

test.

The actual falloff test shall conform to the final falloff test plan approved by
EPA. This test shall be considered complete when the pressure curve
becomes asymptotic to a horizontal line as the reservoir reaches ambient
pressure. The initial pressure buildup shall be performed with both a
downhole quartz pressure gauge with an accuracy of 0.01 psi and surface
monitoring equipment utilizing pressure monitoring devices with an
accuracy of 0.01 psi to establish a correlation between surface and downhole

~measurements. 1t is important that the initial and subsequent tests follow the

same test procedure, so that valid comparisons of reservoir pressure,
permeability, and porosity can be made. At a minimum, subsequent tests
shall be conducted with surface pressure monitoring devices with an
accuracy of 0.01 psi. The Director may require the use of downhole quartz
gages on any subsequent test, if deemed necessary. The permittee shall

" analyze test results and provide a report with an appropriate narrative

interpretation of the test results, including an estimate of reservoir
parameters, information on any reservoir boundaries, an estimate of the well
skin effect, and reservoir flow conditions. The report shall also compare
the test results with the previous years test data and shall be prepared

by a knowledgeable analyst.

CORRECTIVE ACTION

The operator is not reéquired fo take any corrective action before the effective date of this

Permit.

WELL OPERATION

1.

Prior to Commencing Injection. Injection of Class I non-hazardous materials into

the Suckla Farms # 1 is presently occurring under the authority of the existing
Permit. Upon the effective date of this Permit, continued injection into the Suckla

Farms # 1 is auvthorized subject to the conditions herein.

Mechanical Integrity.

Notification. The Permittee shall give at least two weeks, advance notice of
any required integrity test. The Director may allow a shorter notification
period if it would be sufficient to enable the EPA to witness the mechanical
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integrity test (MIT). Notification may be in the form of a yearly or quarterly
schedule of planned mechanical integrity tests or it may be on an individual

basis.

(b) Test Methods and Critenia. For Part I (internal) of mechanical integrity, test
methods and criteria are to follow current UIC Guidance for Conducting
a Pressure Test to Determine if a Well has leaks in the Tubing, Casing
or Packer (Appendix G). A well passes the mechanical integrity test for
Part T if there is less than a ten (10) percent decrease or increase in pressure
over the thirty (30) minute period. For Part II (external of mechanical
integrity, test methods and criteria are to follow current UIC Guidance for
demonstrating the absence: f significant flow into or between USDWs
adjacent to the casing using either temperature surveys or a radioactive

tracer survey (Appendix E : nd Appendix F).

(c) Routine Demonstrations of Mechanical Integrity. The Permittee must
demonstrate Part | and Part II of mechanical integrity by arranging and
conducting a test at least once every five years. A ubing/casing atmulus
pressure test shall be conducted at the maxim m i jection pressure or at
least 1000 psig whichever is lesser (with a préss . re differential of at
least 200 psig between the annulus pressnre :1d the mjectmn tubing
pressure) to demonstrate Part I (no leaks in i w tut ‘ng, casing or packer).
This test shall be for a minimum of thirty (30) iminntes with the well shut-in,
and pressure values shall be recorded at five-mmute intervals. The operator
shall conduct either a temperature log or a radioactive tracer log to
demonstrate Part II (no flow into or between USDWs adjacent to the
casing). If necessary to demonstrate no flow adjacent to the casing, the
Director may request that additional togs be conducted.

Also, Part I of mechanical integrity shall be successfully demonstrated after
workovers (see Part II. A. 5, of the Permit). Results of the test shall be
submitted {on EPA form found in Appendix B), with documentation, to the
Director with the Quarterty Report for the period in which the activity was

completed.

(d)  Loss of Mechanical Integrity. If the well fails to demonstrate mechanical
integrity during a test, or a loss of mechanical integrity as defined by 40
CFR § 146.8 becomes evident during operation, the permittee shall notify
the Director in accordance with Part III, Section E. 10. (¢) of this permit.
Furthermore, injection activities shall be terminated immediately; and
operations shall not be resumed until the permittee has taken necessary
actions to restore integrity to the well and the Director gives approval to

recornmence injection.
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3. Injection Interval. Injection zone shall be limited to the Lyons Sandstone in the
interval from the depths of 9,276 feet and 9,418 feet. The injection zone is confined
by a 300 foot interval of shales and interbedded siltstones that overlie the injection

FEServoir.

4. Injection Pressure Limitation. Based on the instantaneous shut-in pressure from a
fracture freatment of the well, 2 maximam surface injection pressure of 3,700

pounds per square inch gauge (psig) has been established.

(a) If a higher pressure 1s requested, 1t must be accompanied by a valid step-rate
test (SRT) of the injection zone, using fluid normally injected, to determine
both the instantaneous shut-in pressure (ISIP) and the formation breakdown
pressure. The Director will determine the allowable pressure modification
based upon the test results and other parameters reflecting actual injection

operations.

L) The permittee shall give thirty (30} days advance notice to the Director
if an increase in injection pressure will be sought. Details of the
proposed test shall be submitted at least seven (7) days in advance of the
proposed test date so that the Director has adequate time to review and
approve the test procedures. Results of all tests shall be submitted to the
Director within ten (10) days of the test. Any changes in the maximum
injection pressure established by this section, as dictated by the test results,
will be made as a minor modification to the Permit.

5. Injection Volume Limitation. Cumulative injection volume of oil field fluids, plus
Class I non-hazardous waste fluid shall be Himited to 8,300,000 barrels over the
total life of the well. The injection rate is not limited, but in no instance shall the
rate result in an injection pressure that exceed the limit established in Part I,
Section C, item 3, above. When the maximum cumulative volume is reached, EPA
will make a decision to extend the limits of the injection zone or to terminate the

Permit.

6. Injection Fluid Limitation. The permittee is authorized to inject Class IT oil and gas
related fluids, Class I fluids from underground fuel storage tank (UST) cleanup sites

that has been determined to be non-hazardous, and other non-hazardous industrial
wastes ag approved by the Director. Class I fluids are brought to the surface in
connection with natural gas storage operations, or conventional oi} and gas
production and may be commingled with waste waters from gas plants which are an
integral part of production operations, unless those waters are classified as a
hazardous waste at the time of injection. Injection of any hazardous waste as
identified by EPA under 40 CFR 261.3 is prohibited.

The permittee has provided EPA with a current list of Class II sources (production
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wells), consisting of 212 pages (up to 44 wells per page), that have utilized the
facility for disposal in the past. This list is part of the administrative record and the

Permittee may accept fluids from wells presently on this list without further
notification: of EPA. New additions to this list in the Administrative record shall

be made a binding part of this Permit following the procedures outlined below:

For new Class IT and UST {conventional fuel and heating oil) [uid sources:

{a) The permittee shall snbmit a request for disposal of flaids from any new
Class I or UST murm “associated with the storage of conventional
engine fuel or hcdnng o', prior to acceptance of the fluid for disposal.
The request shall include the source name, location, operator, and a brief
description of the operation that produced the source. If the source is an
UST site, the discussion riust provide information demonstrating that no
metals above the TC toxicity characterstics aré present in the fluid.

(b} The request shail be accompanied by a water analysis consisting of at least
total dissolved solids content, pH, specific conductivity, and specific gravity.

(c) Any approval for injection may be granted verbally, with subsequent written
approval from the Director.

For new UST (Other than conventional fuel and heating) or industrial non-
hazardous fluid sources:

{(a) The permittee shall submit a request for disposal of fluids from any new
source, prior to acceptance of the fluid for disposal. The request shall
include the source name, location, operator and a description of the

operation that produced the waste fluid.

(b)  The request shall include a complete analysis of the fluids, including cations,
anions, BTEX, EP Corrosivity, EP Ignitability, EP Reactivity, and EP
Toxicity using the Toxicity Characteristic leaching Procedure for all listed

parameters,

(c) Any approval for'injection may be granted verbally, with subsequent written
approval from the Director.

7. Annular Fluid. The annulus between the tubing and the long string casing shall be
filled with fresh water treated with a corrosion inhibitor or other packer fluid as
approved, in writing, by the Director. The annulus shall be maintained under a
positive pressure ranging from 100 to 200 pounds per square inch gauge (psig) with

a target value of 150 psig.
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D.

EPA Final Permit No. CO 10938-02115

MONITORING, RECORDKEEPING, AND REPORTING OF RESULTS

1.

Injection Well Monitoring Program. Samples and measurements shall be

representative of the monitored activity. The permittee shall utilize the applicable
analytical methods descnibed in Table 1 of 40 CFR. § 136.3, or in Appendix ITI of 40
CFR Part 261, or in certain circumstances, by other methods that have been
approved by the EPA Administrator. Monitoring shall consist of;

(2)

{b)

Sampling and analysis of injection fluids. Analysis of the injection fluids
shall be performed as follows:

()

(i)

(i11)

For fluids which may vary in composition, the analysis of industrial
waste fluids shall be performed prior to delivery, or prior to being
pumped from individual delivery trucks into on-site storage tanks.
Fluid samples shall be analyzed for chemical, physical, biological,
and radiological constituents, including cations and anions, pH,
conductivity and total dissolved sohids content. If however, the
analyses of four (4) loads indicates the material is not hazardous and
the quality has little variability, the Director may waive the

requirement for analyzing every load. Subsequent to this waiver, a
minimum of one load in five shall be analyzed.

For fluids associated with a specific process which do not vary in
chemical composition, the analysis of industrial waste fluids
received at the well site shall be performed once every ten loads or
once per month, which ever is less. Fluid samples shall be analyzed
for chemical, physical, biological, and radiological constituents,
including cations and anions, pH, conductivity, and total dissolved
solids content. If, however, the analyses of the monthly samples
shows significant variability (variation of greater than 20%) chemical
composition, the frequency of analyses may be increased to that

specified in item (i) above.

Analysis of commingled injection fluids prior to injection shall be
performed at random, but not less than once every three months,
for total dissolved solids, pH, specific conductivity, specific gravity,
major cations and anions, oil and grease, and total organic carbon,

Monitoring of fluid sources accepted for disposal. The permittee shall
maintain a record of each source of fluid received for disposal. This
record shall include the name of the source, the well name and API number
if applicable, the volume of each load (in barrels), and the owner of the

facility supplying the wastewater.

Page 14 of 105



{c) Continuous monitoring of flow rate and cumulative volume. 1f the
continuous monitoring is carried out with digital equipment, the
instrumentation shall be capable of recording at least one value for each of
the parameters at least every thirty (30) seconds. Initially, recordings shall
be made once every ten (10} minutes. If the monitoring is recorded with a
continuous chart recorder, the chart shall have a scale that will allow a
change in rate of 5 barrels per day to be detected. Monitoring must
occur whether or not fluids are being injected. This information shall be
analyzed in the first annual report under this Permit to determine if this
frequency is representative of the injection activity. A minor modification to
the Permit shall be made to increase the frequency of recording if the
variability of the injection volume and rate (as warranted by the data results)
affects the representative nature of the data. A minor modification to the
Permit may be made to decrease the frequency of recording if the Director
determines that the fluctuation of the parameters is such that less frequent
data collection would not significantly affect the representative nature of the

reported data.

() Continuous monitoring of injection and annulus pressure. Countinuous
monitoring shall be at the wellhead. If the continuous monitoring is
carried out with a continuous chart recorder, the chart shall be of a scale that
allows changes in pressure of 5 psi to be detected. If the continuous
monitoring is carried out with digital equipment, the instrumentation shall
be capable of recording at least one value for each of the parameters at least
every thirty (30) seconds. Initially, recordings should be made once every
ten (10) minutes. Monitoring must occur whether or not fluids are being
injected. Manual reading from a pressure gage on the injection fubing
and the annulus shall be taken daily for comparison to the continucus

monitering and recording devices.

The information on pressure shall be analyzed in the first annual report to
determine if the continuous monitoring equipment is providing information
representative of the injection activity. If digital recording equipment is
utilized, the analysis shall include an analysis of the representative nature of
the recording frequency. A minor 1odification to the Permit shall be made
to increase the frequency of 1ccora g if the variability of the injection
pressure and annulus (as warranied by the data resulis) affects the
representative nature of the data. A minor modification to the Permit may
be made to decrease the frequency of recording if the Director determines
that the fluctuation of the parameters is such that less frequent data
collection would not significantly affect the representative nature of the

reported data.
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2. Moniforing Information. Records of any monitoring activity required under this
permit shall include:

(a)

(b)

(©)
(d)
(e)
@
(&

The dates, exact place, and the time interval of sampling, monitoring, or
field measurements;

The name of the individual(s) who performed the sampling or
measurements;

The exact sampling method(s) used to take samples;
The date(s) laboratory analyses were performed;
The name of the individual(s) who performed the analyses;

The analytical techniques or methods used by laboratory personnel; and

The results of such analyses.

3. Recordkeeping.

(a)

(b)

()

EPA Final Permit No. CO 10938-02115

The permittee shall retain records concerning:

(i) the nature, volume, scurce and composition of all injected fluids
until three (3) years after the completion of plugging and
abandonment which has been carried out in accordance with the

Plugging and Abandonment Plan shown in Appendix C.

(i)  all monitoring information, including all calibration and maintenance
records and all original chart recordings or digital files for
continuous monitoring instrumentation and copies of all reports
required by this permit for a period of at least five (5) years from the
date of the sample, measurement or report throughout the operating

life of the well.

The permittee shall continue to retain such records after the retention period
specified in paragraphs (a) (i) and (ii) above unless he delivers the records to
the Director or obtains writien approval to discard them.

The permittee shall maintain copies (or originals) of all pertinent records
[Part IT, Section D. 1. (a), (b}, (c), and (d)] available for inspection at the

office of:
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Wattenberg Disposal, LLC
Suckia Farms #1
10137 Weld County Road 19
I't. Lupton, Colorado 80621

Reporting of Results. The permittee shall submit Quarterty Reports to the Director

summarizing the results of the monitoring required by Part I, Section D. 1. (a), (b),
and (c) of this permit.

(a)

(b}

(c)

The report shall include the monthly average, maximum, and minimum
me’aw ‘ed values for injection pressure, flow rate and volume, and
am il s pressure. A list of all individual sources of waste fluids

[m ug tto the facility (including facility well name apd API number, if
‘2 1} lics ble) and the total volume from each source shall be provided.

Tk« operator shall also provide summary graphs covering the reporting

per od of the injection pressure, the annulus pressure, and the injection

‘ r te. Copies of the analytical results for the samples of injected fluids, and
- records of any major changes in characteristics or sources of injected fluid

shall be included in the Quarterly Report.

The Quarterly Reports shall include the results and associated
documentation of any mechanical integrity testing, pressure falloff
testing, well workover, or well logging completed during the period

covered by the report.

The first Quarterly Report shall cover the period from the effective date of
the permit through the end of that quarter. Subsequent Quarterly Reports for
a year shall cover the periods oft January 1 through March 31; April 1
through June 30; July 1 through September 30; and, October 1 through
December 31. Each Quarterly Report shall be submitted to the Denver
Office by the 15th of the following month. Appendix B contains Form
7520-8 which may be copled and used to submit the quarterly summary of

monitoring.

E. PLUGGING AND ABANDONMENT

1

EPA Final Permit No. CO 10938-02115

Notice of Plugging and Abandonment. The permittee shall notify the Director

forty-five (45) days before abandonment of the well.

Plugging and Abandonment Plan. The permittee shall plog and abandon the well as
provided in the Plugging and Abandonment Plan, Appendix C. The Director

reserves the right to change the manner in which the well will be plugged if the well
is modified during its permitted life or if the well is not made consistent with EPA
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requirements for construction and mechanical integrity. The Director may ask the
permittee to update the estimated plugging cost periodically. Such-estimates shall
be based upon costs which a third party would incur to plug the well according to

the plan.

3 Inactive Wells. After a two (2) year period of injection inactivity, the permittee
shall plug and abandon the well in accordance with the Plugging and Abandonment

Plan, unless the permittee:

(a) has provided notice to the Director; and
(b)  has demonstrated that the well will be used in the future; and

(c) has described actions or procedures, satisfactory to the Director, that will be
taken to ensure that the well will not endanger underground sources of
drninking water during the pertod of temporary abandonment.

4, Plugging and Abandonment Report. Within sixty (60) days after plugging the
well, the permittee shall submit a report on Form 7520-13 to the Director. The
report shall be certified as accurate by the person who performed the plugging

operation and the report shall consist of either: (1) a statement that the
well was plugged in accordance with the plan; or (2) where actual plugging differed
from the plan, a statement that specifies the different procedures followed.

F.  FINANCIAL RESPONSIBILITY

Demonstration of Financial Responsibility. The penmittee is required to maintain
continuous financial responsibility and resources to close, plug and abandon the
injection well as provided in the plugging and abandonment plan.

(a) The permittee has submitted a Surety Performance Bond for $30,000 for this
well, and a Standby Trust Agreement. Each have been reviewed and
approved by the EPA. The Director may on a periodic basis revise the
demonstration of financial responsibility under 40 CFR 144.53 (a) (7).

(b)  The permittee may, upon written request to EPA, change the type of
financial mechanism or instrument utilized. A change in demonstration of
financial responsibility must be approved by the Director. A minor permit
modification will be made to reflect any change in financial mechanisms,

without further opportunity for public comment.

2. Insolvency of Financial Institution. In the event that an alternate demonstration of
financial responsibility has been approved under (b) above, the permittee must
submit an alternate demonstration of financial responsibility acceptable to the
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Director within sixty (60) days after either of the following events occur:

(a) The institution issuing the trust or financial instrument files for bankruptcy;
or

(b)  The authority of the {rustee institution to act as trustee, or the authority of
the institution issuing the financial instrument, is suspended or revoked.

3. Cancellation of Demonstration by Financial Institution. The permittee must submit
an alternative demonstration of financial responsibility acceptable to the Director,
within sixty (60) days after the institution issuing the trust or financial instrument
serves 120-day notice to the EPA of their intent to cancet the trust or financial

instrument.

PART HI. GENERAL PERMIT CONDITIONS

A.

EPA Final Permit No. C0O 10938-02115

EFFECT OF PERMIT

The permittee is allowed to engage in underground injection in accordance with the
conditions of this permit. The permitiee, as authorized by this permit, shall not construct,
operate, maintain, convert, plug, abandon, or conduct any other injection activity in a
manner that allows the movement of fluid containing any contaminant into underground
sources of drinking water, if the presence of that contaminant may cause a violation of any
primary drinking water regulation under 40 CFR, Part 142 or otherwise adversely affect the
health of persons. Any underground injection activity not authorized in this permit or
otherwise authorized by permit or rule is prohibited. Issuance of this permit does not
convey property rights of any sort or any exclusive privilege; nor does it authorize any
injury to persons or property, any invasion of other private rights, or any infringement of
State or local law or regulations. Compliance with the terms of this permit does not
constitute a defense to any enforcement action brought under the provisions of Section
1431 of the Safe Drinking Water Act (SDWA}) or any other law governing protection of
public health or the environment for any imminent and substantial endangerment to human
health, or the environment, nor does it serve as a shield to the permittee's independent

obligation to comply with all UIC regulations.

PERMIT ACTIONS

i. Modification, Reissuance, or Terminatiop. The Director may, for cause or upon a
request from the permittee, modify, revoke and reissue, or terminate this permit in
accordance with 40 CFR Sections 124.5, 144.12, 144.39, and 144.40. Also, the
permit is subject to minor modifications for cause as specified in 40 CFR Section
144.41. The filing of a request for a permit modification, revocation and reissuance,
or termination or the notification of planned changes or anticipated noncompliance
on the part of the permittee does not stay the applicability or enforceability of any
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permit condition.

2. Transfers. This permit is not transferrable to any person except after notice is
provided to the Director and the requirements of 40 CFR 144.38 are complied with.
The Director may require modification, or revocation and reissuance, of the permit
to change the name of the permittee and incorporate such other requirements as may

be necessary under the SDWA.

Operator Change of Address. Upon the operator's change of address, notice must be
given to the appropriate EPA office at least fifteen (15) days prior to the effective

date.

SEVERABILITY

The provisions of this permit are severable, and if any provision of this penmit or the
application of any provision of this permit to any circumstance, is held invalid, the
application of such provision to other circumstances, and the remainder of this permit shall

not be affected thereby.

CONFIDENTIALITY

In accordance with 46 CFR Part 2 and 40 CFR 144.5, any information submitted to EPA
pursuant to this permit may be claimed as confidential by the submitter. Any such claim
must be asserted at the time of submission by stamping the words "confidential business
information" on each page containing such information. If no claim is made at the time of
submission, EPA may make the information available to the public without further notice.
If a elaim is asserted, the validity of the claim will be assessed in accordance with the
procedures in 40 CFR Part 2 (Public Information). Claims of confidentiality for the

following information will be denied:
The name and address of the permittee; and

Information which deals with the existence, absence or level of
contaminants in drinking water.

GENERAL DUTIES AND REQUIREMENTS

Duty to Comply. The permittee shall comply with all conditions of this permit,
except to the extent and for the duration that such noncompliance is authorized by
an emergency permit. Any permit noncompliance constitutes a violation of the
SDWA and is grounds for enforcement action, permit termination, revocation and
reissuance, or modification. Such noncompliance may also be grounds for
enforcement action under the Resource Conservation and Recovery Act (RCRA).

1.
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2. Penalties for Violations of Permit Conditions. Any person who violates a permit
requirement is subject to civil penalties, fines, and other enforcement action under
the SDW A and may be subject to such actions pursuant to the RCRA. Any person
who willfully violates permit conditions may be subject to criminal prosecution.

3. Need to Halt or Reduce Activity not a Defense. It shall not be a defense for a
permittee in an enforcement action that it would have been necessary to halt or
reduce the permitted activity in erder to maintain compliance with the conditions of

this permit.

4, Duty to Mitigate, The permittee shall take all reasonable steps to minimize or
correct any adverse impact on the environment resulting from noncompliance with
this permit.

5. Proper Operation and Maintenance. The permittee shall at all times properly

operate and maintain all facilities and systems of treatment and control (and related
appurtenances) which are installed or used by the permitiee to achieve compliance
with the conditions of this permit. Proper operation and maintenance includes
effective performance, adequate funding, adequate operator staffing and training,
and adequate laboratory and process controls, including appropriate quality
assurance procedures. This provision requires the operation of back-up or auxiiiary
facilities or similar systems only when necessary to achieve compliance with the

conditions of this permit.

6. Surface 1.eak Prevention. The permittee shall operate and maintain the surface
facility, including tanks, pumps, piping, and truck unloading area in a manner that
prevents fluids delivered for disposal from Contaminating ground water. Therefore,
the penmittee shall:: (a) report to EPA and correct any problems that cause ground-
water contariination; and (b) contract with an outside firm for an environmental
audit of the facility once per year. The audit contract shall require the firm to report
the results to EPA. The audit shall assess the adequacy of facility operations and
maintenance in preventing ground-water contamination.

7. Duty to Provide Information. The permittee shall furnish the Director, w1in a time
specified, any information which the Director may request in order 1o determine
whether cause exists for modifying, revoking and reissuing, or terminating this
permit, or to determine compliance with the permit. The permittee shall also
furnish to the Director, upon request, copies of records required to be kept by this

permit.

8. Inspection and Entry. The permittee shail allow the Director, or an authorized
representative, upon the presentation of credentials and other documents as may be

required by law, to:
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(a) Enter upon the permittee's premises where a regulated facility or activity is
located or conducted, or where records must be kept under the conditions of

this permit;

(b)  Have access to and copy, at reasonable times, any records that must be kept
under the conditions of this permit;

{c} Inspect at reasonable times any facilities, equipment (including monitoring
and control equipment), practices, or operations regulated or required under

this permit; and

(d) Sample or monitor, at reasonable times, for the purpose of assuring permit
compliance, or as otherwise authorized by the SDWA, any substances or

parameters at any location.

9. Records of Permit Application. The permitiee shall maintain records of all data
required to complete the permit application and any supplemental information

submitted for a period of five (5) years from the effective date of this permit. This
period may be extended by the Director at any time.

10.  Signatory Requirements. All reports or other information requested by the Director
shall be signed and certified according to 40 CFR 144.32,

11. Reporting of Noncompliance.

(a)  Anticipated Noncompliance. The permittee shall give advance notice to the
Director of any planned changes in the permitted facility or activity which
may result in noncompliance with permit requirements.

(b}  Compliance Schedules. Reports of compliance or noncompliance with, or
any progress reports on, interim and final requirements contained in any

con_pliance schedule of this permit, shall be submitted no later than thirty
(30 days following each schedule date.

(c)  Tw nty Four Hour Noncompliance Reporting. The operator shall report to

" e Director any noncompliance which may endanger health or the

en: ‘ronment. Information shall be provided, either orally or by leaving a
message, within twenty-four (24) hours from the time the operator becomes
aware of the circumstances by telephoning 1.800.227.8917 and asking for
the EPA Region VIII UIC Program Compliance and Enforcement
Director, or by contacting the EPA Region VIII Emergency Operations
Center at 303.293.1788 if calling from outside EPA Region VIII. The
following information shall be included in the verbal report:
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(d)

(e)

()

(g
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(i) Any monitoring or other information which indicates that any
contaminant may cause endangerment to a USDW.

(i)  Any noncompliance with a permit condition or malfunction of the
injection system which may cause fluid migration into or between
underground sources of drinking water.

Oil Spill and Chemical Release Reporting. The operator shall comply with
all other reporting requirements refated to oil spills and chemical releases or
other potential impacts to human health or the environment by contacting
the National Response Center (NRC) at 1.800.424.8802 or 202.267.2675, or
through the NRC website at http://www.nre uscg.mil/index htm.

Written Followup. A written submission shall also be provided within five
(5) days of the time the permittee becomes aware of the circumstances. The
written submission shall contain a description of the noncompliance and its
cause; the period of noncompliance, including exact dates and times, and if
the noncompliance has not been corrected, the anticipated time it is expected
to continue; and steps taken or planned to reduce, eliminate, and prevent

recurrence of the noncompliance.

Other Noncompliance. The permittee shall report all other instances of
noncompliance not otherwise reported at the time monitoring reports are
submitted. The reports shall contain the information listed in Part I1,

Section E. 10. {¢) (ii) of this permit.

QOther Information. Where the permittee becomes aware that any relevant
facts were not submitted in the permit application, or incorrect information
was submitted in a permit application or in any report to the Director, the
permittee shall submit such correct facts or information within two (2)
weeks of the time such information becomes known.
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APPENDIX A

(CONSTRUCTION DETAILS)

EPA Final Permit No. CO 10938-G2115 Page 24 of 105



XPK

K_P. Kautiman €0, Inc.
Uity Workover of Compisiioh Report

-

1

Road Dir: 19 at 10.5, ¥10EN it
County: Weid, £0 Une Locsie: nka
perfs: DZ78.B418, T84 holes

SUPERVISOR: Rick Chiemeler

. 5&&_3:_;5‘!‘ £G Fard Injection Well #1
v L Dwessl zii i w{‘n—',}'-.o 1n 87w

v

131m1]

[DATE:

' Formation: ' Lyond
Casing: 5 5= 208 N-80 TD: 9574 PETL 9478 KB Mens: 10
Tublng Detstl, 13101 )
Footags No. JtS.
5480.54 173 ey 2-7187 oD, EUE, Brd, 8.5%, 355, Fiberiire
340635 T Thg 2-7/3~ 00, EUE, 8rd, B.5# N-B0, Fiberilne
1.7 1 252 TIE” X-ovar
1.4 1 Seatlng nipple, 3347
7.8 4 20087245 5" Arrowsat | {Rocky Min O T ooz}, set n compreasion
w0648 TOTAL Set at 90147 Kg
P 25187, 244 Surtace casing
- | L/ 758 K&

/A/’. 55", 20¢ N-80 Prod. casitg

§,5% J-55 & N-80 Fiberline Tuling

L 2.718",

8408 Cement 1Op

2.A18" Seating nipple below x-over

Arrowset |, set a1 8014 KB

_Lyons Formation

s
194 0.5~ dia. holes

BeAls
S

& r_iki. ';w*
PRTD 8478 KB
To 8571 X8




APPENDIX B

(REPORTING FORMS)

EPA Form 7520- 7.  APPLICATION TO TRANSFER PERMIT

2. EPA Form 7520- 8: INJECTION WELL MONITORING REPORT

3. EPA Form 7520-10: COMPLETION REPORT FOR BRINE DISPOSAL WELL

4. EPA Form 7520-12: WELL REWORK RECORD

3. EPA Form 7520-13: PLUGGING RECORD

6. EPA Form R8: MECHANICAL INTEGRITY PRESSURE TEST
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APPENDIX C

(PLUGGING & ABANDONMENT PLAN)
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Plugging and Abandonment Plan

1. Immediately prior to plugging and abandoning the Suckla Farms #1 disposal well,
the retrievable tension-type packer will be refeased and the tubing and packer will

be removed from the wellbore.

2. Run back into the wellbore with a tubing stri g to the bottom of the 5-1/2 inch
casing and condition the wellbore. Placc a(a 0 foot cement plug from about 9,225
feet to 9, 476 feet, using either Class B type II neat cement or an equivalent Class G
cement. Wait sufficient time for plug to set and tag plug with tubing string.

3. Cut the 5-12 inch long string casing at approximately 7,200 feet and pull the casing.
Run into well with a tubing string and condition the well with 9.6 ppg bentonite
or plugging gel. Set a 200 foot plug, using Class “G”, or equivalent type cement,
from 7,100 feet to 7,300 feet (a minimum of 75 feet below the top of the casing
stub. If the casing is not pulled, the 5-1/2 inch casing must be perforated at 7,200

feet and cement squeezed into the annular space.

Within the 8-5/8 inch surface casing and the 7-7/8 inch wellbore, set a 100 foot
plug, using Class “G” or equivalent cement, from 709 feet (50 feet above the
surface casing shoe) to 809 feet. If the casing is not pulied, the 5-1/2 inch casing
must be perforated at just below the casing shoe and cement squeezed into the

annular space.

Within the 8-5/8 inch surface casing, set a cement plug, using sufficient Class “G”
cement to fill the surface casing from the surface to a minimum depth of 50 feet.
If the casing is not pulled, the 5-1/2 inch casing must also be filled with Class “G”

cement to a minimum depth of 50 feet,

After the wellbore is plugged the Permit requires cutting off the 8-5/8 inch casing 1
to 3 feet below ground surface. A steel cap dry hole marker 1s required to be
welded on the 8-5/8 inch casing. The surface must then be restored to landowner

and/or County requirements.
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Mechanical Integrity Test
" Casing or Annulus Pressure Mechanical Integrity Test

U & Ervirenments] Froteclion Apency
Unoetpround tnjection Comrol Frogram
SES JE™ Street, Suit 500 Denver, OO0 B020Z.2488E

Diate: / /

EFPA Wimess:

Teet conducted by:
Others present:

Tvpe: ER WD Swarus: AC TA UC

' 'Wel) Name:

Field: -

Locztion; Sec: T N/S R____E/W County: Swte:_

Operator;, .

Last MIT: / ; ' Meximum Allowzble Pressure: PLIG

ls this 5 regularly scheduled test? [ } Yes [ ] No

Inftial test for permit? [ ]Yes [ }No

Test afier well rework? [ ]Yes [ ]No -
Wel) injecting during test? | ] Yes ] _ 1 Ne I Yes, r1ate: bpd
Pre-tes1 casing/tubing annulus pressure: psig

MITDATA TABLE | Tes1 #) Test #2 Test #3. ]
TUBING PRESSURE .

Initial Pressure } psig psig psig
FEnd of 1est pressure ] psig ] psig psig
CASING / TUBING ANNULUS PRESSURE '
0 minuies ‘ : psig | psig osig
5 minutes psig ' psig psig
10 mimnes psig psig psig
15 minutes psig psig psig
20 minutes psig psig psig
25 minutes psig psig ‘ psig
30 minutes psig psig o

minutes psig psig psig
minutes psig psig psig

RESULT Al Y Pass | JFail {| ] Pass ] JFail || ] Pass | ]Fail

Does the annulus pressuse boild back up afierthe test 7 | ] Yes [ ] No

MECHANICAL INTEGRITY PRESSURE TEST

Additional comments for mechanicel integrity pressure test, such as volume of fluid sdded to énnuius
~nd hizd back at end of 1esl, rezson for failing test (cesing hezd leak, tubing lesk, other), etc.:
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UNITED STATES ENVIRONMENTAL FROTECTION AGENCY

ol
S? e % REGION VI
\:\Sﬂ, cts 1Eth STREET - SUITE 00
—h DENVER, COLORADD §02D2-2466
FHE 2

BPR 19 1994

GROUNHD WRTIR SICTION GUIDARCE NO. 34

SUEJECT:

Cement bcnd logcing tec*n; Es anc interrretation
FRCH: Tom Pike, Chief ~ ‘#V

UlC Direct Ilpplementatiofd Section
TO: A1)l Section staff e e o

Kcntena Operations Office

These pProcecures zre tc be follicwed when running and

interpreting cement beng legs for injecticon &nd preductien (area

of review) wells,

FRRT

FART

-

i - FRIFARE THE WELL
Rllcw cenent tc cure fer & sufficient iine to develcp full
A sxfe bet is te let the cement cure

ccropressive strength. 2
JI you run the bond log tefcre the cezent

for 72 hecurs.

pecor bending. Check cement Lencbooks for curing tices.

Cizculete the bcle with a 1Jluid (eitbher veater or nud) of
upiferm censistency. Travel tinmes are influenced by the
type of fluid in the hole. 1I the fluld changes betwveen two
peints, the trzvel tires may "drift," cauuznq difficulty in

interpretztion end guality control..

Ee prepered te run the cenepnt kend log under pressure to

reduce the eflects of picre-envulus. Micrc-ennulus ray be
‘but the exiztence of a micro-~

czused by =everegl reasonsz,
ennulus deoes not necessarily destroy the cement's ability to
1f the log =hews pocr bending, rerun

form a hydrzuvlic seel.
the lcg with the slichtly wmore pressure cn the casing as was

present vhen the cexent cured. This will cause the czsing
1o expend sgzinst the cement and clcse the micro-annulus.

11 ~ FARRBMETIRE TO LOG

spplitude (RV} - This curve shcws how nuch eccustic signal
rezches a receiver znd is an importent Indicator of cerent

Reccrd the zzplitude on the 3 foot spaced receiver,

rravel tire (p®) - This curve shcws the zrnount of timpe it
tzkes an ecoustic signal to trzvel between the source cnd a
receiver, For free pipe of a given size znd veight, the
trevel time between points is very Fredictable, althouch
varizble among different ccmpany's tools. Service ccopznies
should be zble to prov:se zccurate estinztes of trevel tines
for free pipe of a given size and weight. Travel tipe is
required & & quality ccntrel peasurement. Record the
travel time on the 3 fcot spaced receiver.

Lond.

Frintwee on Fecyoed Penar
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variable among different company's tools. Service companies
should be able to provide accurate estimates of travel times
for free pipe of & given size and weight. Travel time is
regquired as a guality control measurement. Record the
travel time on the 3 foot spaced receiver.

- Pipe signals, formation signals,

Variable density (VDL)
and—fluid signals-—are-usually easy to recognize on-the VMDLrr—m———

‘PART

If these signals can be identified, a practical

determination for the presence or absence of cement can be

made. VDL is logged on the 5 foot spaced receiver.

Casing ceollar locator (CCL) - Used to correlate the bond log
with cased hole logs and to match casing collars with the
collars that show up on the VDL portion of the display.

Gamma ray - Used to correlate the bond log with other logs.

ITI - LOGGING TECHNIQUE

Calibrate the tool in free pipe at the shop, prior to, and
following the log run. Include calibration data with log.

Run receivers spaced 3 feet and 5 feet from transmitter.

Run at least 3 bow-type or rigid aluminum centralizers in
vertical holes, 6 centralizers in directional holes. A CCL

is not an adequate centralizer.

Complete log header with casing/cement data, tool/panel
data, gate settings and tool sketch showing centralizers.

Set the amplitude gate so that skipping does not occur at
amplitudes greater than 5 mV.

Record amplitude with fixed gate and note position on log.
Record amplified amplitude on a 5X scale for low amplitudes.

Record amplitude and travel time on the 3 foot receiver.

Record travel time on a 100 us scale (150 - 250, 200 -

300) .
Logging speed should be approximately 306 ft/min.

Log repeat sections.

@ FPrinted on Recycled Faper
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PART IV - QUALITY CONTROL

Compare the tocl calibration data to see if the tool
rdriftes® during logging. Differences in the calibration
data may require you to re-log the well to obtain reliable

data.

Compare repeat sections to gee if logging results are

repeatable.

Check the logged free pipe travel times with the service
company charts for the specific tool and casing size used.
Since the travel times depend on such factors as casing

type of fluid in the hole, etc., these charts should
be used only as guidelines. When you are confident of the
free-pipe travel times as seen on the log, use them. When
interpreting the log, a decrease in travel time (faster
times) with simultaneocus reduction of amplitude may show a
de-centered tool. A 4 to 5 micro-second (us) decrease in
travel time corresponds to about a 35% loss of amplitude.
decrease in travel time more than 4 tc 5 ps is

unacceptable.

weight,
A

PART V - LOG INTERPRETATION

Do not rely on the service company charts for amplitudes
corresponding to a good bond. These amplitudes depend on
many factors: type of cement used, fluid in the hole, etc.

To estimate bond index, choose intervals on the log that
correspond to 0% bond and 100% bond. Read the amplitude
corresponding to 100% bond from the best-bonded interval on
the log (NOTE: the accuracy of this amplitude reading is
very critical to the bond index calculations). Next, find
the amplitude corresponding to 0% bond. Some bond logs may
not include a section with free pipe. In this instance,
choose the appropriate free-pipe travel time from the
service company charts for your specific toel, or from the
generalized chart (TABLE 2) at the end of this guidance. To
calculate a bond index cof 80%, use the following eguation:

A = 10{(0.2)]09(,49% (0.8)log(A,qp)]
80

where:

A, = Amplitude at 80% bond (mV)
A, = Amplitude at 0% bond {(mV)

@ Printed on Recycled Paper
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Alge = Amplitude at 100% bond (mV)

EXAMPLE :

As an example, consider a bond log showing the following
conditions:

- Free pipe (0% bond) amplitude at 81 mV.

- 100 % bond amplitude at 1 mV.

Substituting the above values into the equation results in:

ABD = 1l(0-2)log(81)+ (0.8)log(1)]

Ago=2.41mV

Another way to calculate the amplitude at 80% bond is by
plotting these same log readings on a semi-log chart.

Plot the values for 0% Bond and 100% Bond vs. their
respective Amplitudes on a semi-log chart - amplitudes on
the log scale {y-axis), and bond indices on the linear scale
(x-axis). Then, connect the points with a straight line.

To estimate the amplitude corresponding to an 80% Bond
Index, enter the graph on the x-axis at 80% bond. Draw a
straight line upward until you reach the diagonal line
connecting the 0% and 100% points. Continue by drawing a
horizontal line to the y-axis. This point on the y-axis is
the amplitude corresponding to an 80% Bond Index.

@ Printed on Recycled Paper
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Using the values from the example above, your chart will

look like that shown below:

1oe " l T ¥
44 f T t
0 T 1 ; 1
A — | i
a2 T
- ;‘\\\{ i !
0 [ I f i
P — [ | f'
| 0%BOND L r \““\~M\\\ f ! !

. | B 8imv _
g ¢ - . 100% BOND —
7 [T ee—sel : A

S e s —
] f f |

E M ———

oo ' | !

g% A ]

&= o

ﬁ ’ e 2.4 mY

= i

< ! i l
s : ! | , o
. | | |
g -

80% BOND
! 2 iv 20 30 47 S0 [ 20 A 20 9
% BOND

In this example,

PART

80% bond shows an amplitude of 2.4 mV.

A convenient way to evaluate the log is to draw a line on
the bond log's amplified amplitude (5X} track corresponding
to the calculated 80% bond amplitude. Whenever the logged
amplified amplitude (5X) curve drops below (to the left of}
the drawn line, this indicates a bond of 80% or more.

IV - CONCLUSIONS - REMINDERS

Different pipe weights and cement types will affect the log
readings, so be mindful of these factors in wells with
varying pipe weights and staged cement or squeeze jobs.

@ Printet! on Recycled Paper
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Collars generally do not show up on the VDL track in well-
bonded sections of casing.

Longer (slower) travel time due to cycle skipping or cycle
stretch usually suggests good bonding.

Shortey (faster) travel times indicate a de-centered tool or

——a—fast—formation—and-will -provide—erronecus—amplitude
readings that make evaluation impossible through that
section of the log. Fast feormations do not assure that the

cement contacts the formation all arcund the borehole.

Although the bond index is important, you should not base
your assessment of the cement quality on that one factor
You should use the VDL to support any indication of
Alsc, you must know how each portion of the CBL
amplitude, etc.} influences ancther.

alone.
bonding.
{VDL, travel time,

Most 3'-5' CBL's cannot identify a 1/2" channel in cement.
Therefore, you also need to consider the thickness of a
cemented section needed to provide zone isoclation. For
adeguate isolation in injection wells, the log should
indicate a continuous 80% or greater bond through the

following intervals ag seen in TABLE 1, below:

TABLE 1 - INTERVALS FOR ADEQUATE BOND

PIPE DIAMETER {in) [CONTINUOUS INTERVAL WITH BOND > 80% (ft)ﬂ
4-1/2 15 "
5 15 . H
5-1/2 18 "
7 33 H
7-5/8 36 ﬂ
5-5/8 45
10-3/4 54 u

hAdequately bonded cement by itself will not prevent fluid
movement. If the bond log shows adequate bond through an
interval where the gecology allows fluid to move (permeable
and/or fractured zones), fluids may move around perfectly
bonded cement by travelling through the formation. Alwavs
cross-check your bond log with open hole logs to see that
you have adeguate bonding through the proper interval(s).

@ FPrirted on Recycled Paper
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TRAVEL TIMES AND AMPLITUDES FOR FREE PIPE

TABLE 2 -
(3 FT RECEIVER)
CASING | CASING TRAVEL TIME (ps) AMPLITUDE
SIZE WEIGHT , s
(in) (1b/ft) | 1-11/16" TOOL | 3-5/8" TOOL
9.5 252 233 51 ﬂ
4-1/2
i1.6 250 232 81
13.5 249 230 a1
15.0 257 238 76
’ 18.0 255 236 26
20.3 253 235 76
15.5 266 248 -
5-1/2 17.0 265 247 s
20.0 264 245 72 H
23.0 262 243 - fl
23.0 291 271 62
6.0 289 270 62
7 29.0 288 268 62
32.0 286 267 &2
35.0 284 265 62 |
38.0 283 264 62 H
26.4 301 281 5g
7-5/8 29.7 299 280 59
33.7 297 278 59
339 295 276 59 n
40.0 333 313 51 ”'
| o-ss6 43.5 332 311 51 ”
47.0 330 310 51
53.5 328 309 ~
40.5 354 333 48
10-3/4 45.5 352 332 48
51.0 350 330 48
55.5 345 328 a6 ====L

FCD:March 31, 1904:RCT/RCTA\chl.sop
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Background-Acoustic Cement Bond Logging

The Reasons for cementing wells are: 1} to support the casing; and 2) to isolate zones
(hydraulic seal), such as producing horizons, injection reservoirs, and underground sources of
drinking water (USDW). When a well is completed, a cementing record will be submitted as
part of the well completion record. This information will not address the question regarding the
adequacy of the cement to isolate the various zones. One of the methods utilized to assess the
adequacy of the cementing of a well to isolate the various zones is by using an acoustic cement
bond log (CBL). Although an acoustic cement bond Jogs does not directly measure hydraulic
seal, the measured bonding qualities do provide inferences of sealing adequacy (zone iselation).
The bonding of cement to the casing can be measured quantitatively using a CBL. The bonding
of cement to the formation, however cannot be measured quantitatively using a CBL, but it does
provide a qualitative estimate of the bonding 1o the formation. Determination of cement integrity
is accomplished by an analysis of the full acoustic waveform, the amplitude or attenuation rates

of the casing arrivals, and a single receiver travel-time measurement,

The Acoustic CBL tool used to make the cement bond Jog puts energy into the well and
measures the energy returned. The operating frequency for all conventional instruments is 20
kHz. The time it takes for energy to return and the amplitude of the returned energy are
determined by the cement bonding. Elastic compressional waves are propagated down the sleeve
of the instrument, vertically through the borehole fluid, and horizontally across the borehole
fluid. Of primary interest to the CBL log is the wavefront moving directly toward the casing. As
the wave front impinges upon the casing, some energy is reflected, while the balance is
transferred into the steel, the cement sheath and the formation. Acocustic energy propagates
through fluid at about 180-220 microseconds per foot, and about 57 microseconds per foot
through steel. At each of these interfaces, some energy will be reflected, and some will be
transferred into the adjoining medium. The reflected waves coming back from the various

aF‘n’n!&d on Recycled Paper
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interfaces are recorded preferably by two detectors located 3 and 5 feet from the acoustic
transmitter. The log results are recorded on five curves: 1) a gamma ray curve for lithologic
correlation; 2) a casing collar Jocator for depth correlation; 3) an amplitude curve derived from
the 3 foot receiver as a measure of casing bonding; 4) a travel time curve which is an indicator of
the centralization of the tool; and 5) a variable density log (VDL) and or signature wave forms

from the 3 foot receiver as a measure of the formation bonding.

CBL Requirements

The requirements for obtaining a meaningful cement bond log are:

I.

2.

The Tool must be centered in the casing.

The transmitter and receiver(s) must be a known distance apart.

The most comnion transmitter/receiver spacing is 3 feet. This spacing is ideal for
measuring fastest sound travel which is through the casing and 1s used for
amplitude and trave] time measurements. The attenuation of this signal is a
measure of the bonding of the cement to the casing. It is useless for looking at

formation bonding.

The 5 foot receiver is used to record variable density and/or signature waveforms.
This spacing will not show the casing signal but will show the formation signal.
The preferred tool has a transmitter with two receivers spaced 3 foot and 5 foot
from the transmitter. This arrangement gives the casing signal (3 foot receiver)
recorded as the amplitude curve and formation signal (5 foot receiver) recorded as

the VDL trace.

A 4 foot spacing (single receiver) has been tried as a compromise. It still does not
show formation signals.

The "gate” must be set properly. Figure A-2 indicates the wave form being
investigated. T sub o represents when the tool is turned on. Dead time is the time
it takes to receive the first signal (E1 through El). As shown in Figure A-4, E1 10
E3 are measured to determine the casing bonding (3 foot receiver signal). The
signals from this receiver give an evajuation of the amplitude changes the sonic

energy will experience on its path along the casing.

Tool systems are gated to measure a particular part of the wave train. Acoustic
logging instrumentation uses both fixed and floating gates. A fixed gate system is
one in which the transmitter is fired at fixed intervals, followed by a fixed time for
the gate to open and remain open, and fixed time interval for the gate to close.
Fixed gates are currently being vsed for primary bond amplitude measurements;
however, prior to development of full waveform recordings, older generation
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CBI's used a floating gate amplitude measurement with a floating gate travel-time
curve to evaluate cement conditions.

The principle of the floating gate is that it remains open across the entire acoustic
spectrum until an amplitude pulse having sufficient amplitude to extend beyond
the threshold bias setting is found. This response is then recorded as the time of

the first acougtic arrival pulse.

The basic waveform consists of four different types of wave arrivals:

a. compressional wave in casing ,
b. compressional wave in the cement sheath,
compressionai, shear, pseudo-Rayleigh, and Stonefey waves in the

formation, and
d. mud or fluid waves.

C.

The fluid wave travels through the fluid straight to the receiver. After the fluid
wave shows up, the V DL is useless. When the fluid wave enters the receiver,
distortion occurs. Therefore, the useful part of the V DL is that prior to the fluid
wave. When shear waves are detected on the Signature or Variable Density, they
are representative of cement integrity in the overwhelming majority of cases.

A reliable cement bond log will have the following:
3 foot -5 foot RECEIVER SPACING
GAMMA-RAY

CASING COLLAR LOCATOR

AMPLITUDE CURVE

TRAVEL TIME CURVE

VARIABLE DENSITY DISPLAY

Amplitude Curve Interpretation

A high amplitude indicates that the casing is relatively free to vibrate;

A.
hence, it is poorly bonded or supported.

B. A low amplitude indicates that the casing is more confined or bonded,
causing absorption of the wave energy by surrounding media.

C. Amplitude measurements between maximum and minimum values are

functions of the percentage of casing bond.
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THIS SINGLE MEASUREMENT (AMPLITUDE), AND THE OVERSIMPLIFIED
INTERPRETATION OFIT, IS FREQUENTLY THE SOURCE OF MUCH OF
THE CONTROVERSY AND ERROR REGARDING CEMENT BOND LOG

ANALYSIS,

To analyze a bond log, ignore the amplitude curve initially, go to the V DL and measure

the casing signal-forfree pipe. If the.casing signal is.not present, the signal must have

been attenvated. Then, go to the amplitude curve. Determine the time of the first arrivals
and their character. VDL formation signals should generally correlate with the gamma
log. The V DL is practically tamper-proof. The operator cannot change the property of

the rock, thus the time required for the signal to be transmitted.

Pitfalls in Bond Interpretation from Amplitude Responsge

A. Amplitude detection method -fixed gate or floating gate..

Instrument centering..

B
C. Insufficient curing time for cement.
D

Cement sheath less than 314 inch with either well centered or poorly

centered casing .

E. Micro annuluos.

F. (Gas bubbles in the borehole fluid.

G. Void spaces in the cement sheath.

H. Fast formation.

L Cement bonded to the pipe. but not to the formation.

J. Changes in acoustic properties of the borehole fluid density and viscosity
die to pressure. temperature, and content.

K. Minimum amplitude signal in well bonded casing varies with respect to
casing size and casing weight.

L. Cements are mixed to particular specifications and may be designed with

different compressive strengths.

M.  Cement is sometimes gas cut.
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CBL Log Quality Checks
Free Pipe

A Travel time indicating correct expecied value for casing size and weight?

B. ——T-raxei_tmm,hmagneﬁf‘ collar locator, amplhitudecurve and vanable
density/waveform all indicating casing collars on depth with each other?

C. Free pipe amplitude reading correct value for casing size and weight?

D. E1 arrival on variable density display indicating correct travel time to 5
foot receiver, (i.e. 114 microseconds later than 3 foot receiver travel time)?

E. Collars on amplitude curve are 3 foot in vertical height and 5 foot on

VDL. This ensures amplitude and VDL/WF are measured on proper

receiver.

Cemented Pipe

Travel time stretching or cycle skipping occurring in well bonded sections,

100% and 70% bonded intervals consistent with minimum sonic
amplitude picked from CBL interpretation chart?
Is travel time less than free pipe value indicating eccentering or fast

formation 7

If eccentering is expected, check V DL for chevron pattern at collars and

low CBL amplitudes.

If fast formation is suspected, i.e. open hole logs indicate delta T less than
57 microseconds per foot, check 1% formation arrival on VDL/WF., If less
than expected free pipe value on 5 foot receiver, fast formation can be
confirmed. Note: pre-log planming will alert operator to presence of fast

formations.

Have log passes been run under sufficient pressure to eliminate Micro

annnius effect?
Does main log pass agree with repeat section?

Is main log pass properly correlated to open hole log? Note: if perforations
are picked from a pressure pass, make sure field personnel are aware of
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this and that proper correlation is taken into account prior to perforating.

Instrument Centering

If the Jogging instrument is properly centered in free or poorly bonded

Al
pipe, the travel time should be a reasonably precise value.
B. Travel time measurement is the time it takes the signal to leave the
transmitter and return to the receiver. This is not formation bonding.
There is no way to tell formation bonding quantitatively. Travel time can
be very useful. It can be used to determine whether or not the tool is
centralized. Travel time will occur early if an instrument is poorly
centered.
C. Amplitude can also increase when casing is eccentered because a portion
of the anmular cement sheath is either absent or extremely thin, (less than
3/4 inch).
Cycle Skipping
Cycle skipping to later amplitude arrivals is caused by the attenuation of pipe
arrivals.
Stretch
A Travel-time stretch may occur when an attenuated first pipe arrival is
detected in bonded intervals.
B. Stretch is often an indication of adeguate zone isolation.

Casing Collars
A,

Casing collars are identified as a decrease in the amplitude, a slight
increase in TT, and/or clear chevron ("W") patterns on the VDL..

The distance between the "W" patiern corners on the V DL represents the
transmitter-receiver spacing.

Casing collar anomalies are typically not apparent in well bonded casing.

Caliper information defining the size and perhaps the shape and rugosity
of the borehole wall behind pipe is always an important criteria to log

analysis of cement condition.



Calibration

Well Site Calibration Procedure (Wedge Wireline)

oy oy oyt

Al

With too! i hole and i flurd; panetoutputis-calibrated-for-a-tinear output
relation of 100 mv. for 10 chart divisions-10 mv/div. This calibration is
done in order to scale the amplitude values.

Secondary amplitude x 4 or x5 is calibrated.

Internal calibration cycle of 35 mv. amplitude and 50 microseconds wave
length is activated; the Gate is set on the cycle, and amplitude deflection is

adjusted according to previous 0-100 mv. settings.

Calibration cycle is deactivated. tool signal on 3 foot receiver is present;
the gate is set on the first compressional cycle, and amplitude reading is
verified. It should be noted that our sysiem does not rely on fice pipe
sections in order to calibrate or adjust the amplitude curve.

Shop Calibration (Wedge Wireling)

A,

Notes:

The tool is centered inside a section of 5.5 inch, 15 Ib/ft. casing ;
completely covered with water; the tank is pressured to 5000 psi.; the
signal on the 3 foot receiver is adjusted for a maximum output of 80 mv.

Signal output on the 5 foot receiver is adjusted in order to compensate for
energy loss related to the 3 foot receiver, due to the extended travel time of
114 microseconds, which usually ranges in the order of 30% loss.

Panels are calibrated for response and linearity.

Afier the above procedure is completed, a full display of calibration is
recorded for every tool.

An internal electrical calibration for the peak amplitude measurement is
utilized to calibrate the instrument. (Atlas Wireline)

The shop calibration fixture utilized is a 5.5 inch OD aluminum pressure
tube. The tube is filled with water and pressured up to 500 psi or greater.
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(Atlas Wirehne).

Shop calibrations are required monthly or more frequently as needed.

A complete calibration sequence requires BEFORE and AFTER records,
including Signature (or V DL) and travel time calibrations,

SECOND-GENERATION RADIAL CEMENT EVALUATION INSTRUMENT

The Segmented Bond Tool (SBT) is a promising second-generation radial cement bond
instrument, which measures the quality of cement effectiveness both vertically and laterally

around the
circumference of the casing. The SBT is designed to quantitatively measure six segments, 60

degrees each, around the pipe periphery. The instrument employs an array of high frequency

stecred

transducers, which are mounted on six pads. The instrument is capable of logging in casing sizes
from 4.5 inches to 13 3/8 inches with any type of fluid or gas occupying the borehole. A 5-foot
omnidirectional transmitter-receiver span is provided for Signature or Variable Density display.
The Segmented Bond Tool (SBT) examines not only the Jongitudinal cement quality, but also the
circumferential effectiveness of the cement sheath radially around the entire periphery of the

casing.



Tool Centralization
A.
B.

C.

Well Data

G.
H.

Calibration

3y -~

CEMENT BOND LOGGING

GENERAL INSTRUCTIONS

Mimimurm of three centralizers.
Preferably bow spring or rigid aluminum centralizers.

Position centralizers immediately above and below transmitter-receiver
section and on top of tool assembly.

Well name, location, serial number (if any).

Data on cement, including type, volume, time, whether pipe was
reciprocated or rotated or both, efc.

Casing scratcher and centralizer depths.

Unigue downhole conditions.

Casing data including size, weight, grade, joint type, depths. Weil bore
fluid data including type, weight, and salinity.

Bottom hole temperature.

Well history for maximum previous pressure on casing.

"Tool should have been calibrated at the company shop and the service company

should perform surface calibration before running tool in hole. Each service
company has their own calibration procedure. An example of one company's shop

and well site calibration procedure is shown below:

Shop Calibration

A

The tool is centered inside a section of 5.5", 151b/ft casing; completely
govered with water; the tank is pressured to 500 psi; the signal on the 3f1
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receiver is adjusted for a maximum output of 80mv.

Signal output of 5ft receiver is adjusted in crder to compensate for energy

B.

loss related to the 3f1., due to the extended travel time of 114 microseconds.
C. Panels are calibrated for response and linearity .
D. A full display of calibration is recorded for every tool. Shop calibrations

are required monthly or more frequently as needed. A copy of the shop
calibration should be attached to the log.

Well Site Calibration

With tool in hole and in fluid, panel output is calibrated for a linear output
relation of 100mv. for 10 chart divisions.-10 mv/div. This calibration is

done in order to scale the amplitude values,

A,

B. Secondary amplitude X4 or X5 is calibrated.

Imternal calibration cycle of 35mv amplitude and 50 microseconds

C.
wavelength is activated; The gate is set on the cycle, and amplitude
deflection is adjusted according to previous 0-100mv settings.

D. Calibration cycle is deactivated. Tool signal on 3 foot receiver is present;

the gate is set on the first compressional cycle, and amplitude reading is
verified.

1V.  Complete Log Heading.

V. Run V DL, MSG, Signature, X-V plot on 230-1200 microsecond time scale,

Run repeat sections (200" minimum) through intervals of interest or intervals with

questionable bond.

V1L

VII. Logging speed should be 1800 feet/hr.

VYII, 1f tool is improperly centralized, do not continue to log. Pullout of hele and adjust or
replace centralizers.

IX. Upon completion of logging run, check surface calibration.

10
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ACOUSTIC CEMENT BOND LOGGING

CHECK LISTS

INFORMATION REQUESTED PRIOR TO RUNNING CEMENT EVALUATION LOGS

1.

1L

1.

IV,

CEMENT DATA.

A. Types, volumes, slurry weights, pumping rate.

B Estimated compressive strength.

C. Date and time cementing operation was completed,
D Additives,

E. A copy of Cementing Report would be helpful.

ASSOCIATED CEMENTING PROBLEMS,

A, Lost circulation?

B. Unable to reciprocate? Stuck pipe?

C. Abnormal pressures held after plug down? How Jong?

CASING INFORMATION.

A All strings --- size, weight, grade, coupling (flush Joint?)

B. Top/bottom depths --- overlaps? Amnmular thickness?

Cementing aids ---scratchers, centralizers, hydrobonders -where?

C.
WELL INFORMATION.
Al Straight hole or deviated? If deviated, at what depth? Degree?

Bit size?

Wellbore fluid? Accurate density? Same as plug down fluid?

B
C.
D Casing problems? Liner not set? Potential for gas cut fluid?

11
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Open perforations? Unable to pressure up?

Wellhead connection required? Need pump-in sub?

Any previous cement analysis done? Temperatare logs?

Ensure-epentoledogsavailable-atwell site.

L
e

I

Has coated casing been run in well?

Squeeze guns brought w/CBL?

CBL 1.OG QUALITY CHECKS

L

L.

FREE PIPE

A. Transit time Indicating correct expected value for casing size and wéighi?

B. Transit time, magnetic collar locator, amplitude curve and variable
density/waveform all Indicating. Casing ccllars on depth with each other?

C. Free pipe amplitude reading correct value for casing size and weight?

D. E1 arrival on variable density display indicating correct transit time to 5 foot
receiver, (i.e. 114 microseconds later than 3 foot transit time)?

E. Collars on amplitude curve are 3foot in vertical height and 5 foot high on VDL.
This ensures amplitude and VDL/WTF are measured on proper receiver.

CEMENTED INTERVAL

A. Transit time stretching or cycle skipping occurring in Well Bonded Sections?

B. 100% and 70% bonded Intervals consistent with minimum Sonic amplitude picked
from CBL Interpretation chart?

C. Is transit time Jess than free pipe value Indicating eccentering or fast
formation?

D. If eccentering is expscted, check V DL for Chevron pattem at collars and low CBL

amplitudes.

12
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If fast formation is suspected, 1.e. open hole logs indicate ~T less than 57
microseconds per foot, check 1st formation arrival on VDL/WF. If less than
expected free pipe value on 5foot receiver, fast formation can be confirmed. Note:
pre-log planning will let .us know whether fast formations are expected.

Have log passes been run under sufficient pressure to eliminate Micro annulus

o oMLy
|9 § L=

Does main log pass agree with repeat section?

Is main log pass properly correlated to open hole log? Note: if perforations are
picked from a pressure pass make sure field personnel are aware of this and that

proper correlation is taken into account prior to perforating.

13
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substituting the appropriate thickness, h, and viscosity, y, values.

Skin Factor

In theory, wellbore skin 1s treated as an infinitesimally thin sheath surrounding the
wellbore, through which a pressure drop occurs due to either damage or stimulation.
Industrial injection wells deal with a variety of waste streams that alter the near wellbore
environment due to precipitation, fines migration, ion exchange, bactericlogical
processes, and other mechanisms. It is reasonable to expect that this alteration often
exists as a zone surrounding the wellbore and not a skin, Therefore, at least in the case of
industrial injection wells, the assumption that skin exists as a thin sheath is not always
valid. This does not pose a serious problem to the correct interpretation of falloff testing
except in the case of a large zone of alteration, or in the calculation of the flowing
bottomhole pressure. The Region has seen instances in which large zones of alteration -

were suspected of being present.

The skin factor is the measurement of the completion condition of the well. The skin
factor is quantified by a positive value indicating a damaged completion and a negative

value indicating a stimulated completion.

1. The magnitude of the positive value indicating a damaged completion is dictated
by the transmissibility of the formation.
2. A negative value of -4 to -6 generally indicates a hydraulically fractured

completion, whereas a negative value of -1 to -3 is typical of an acid stimulation
in a sandstone reservotr,

3. The skin factor can be used to calculate the effective wellbore radius, r,,, also
referred to the apparent wellbore radius. (See Appendix, page A-13)
4. The skin factor can also be used to comrect the injection pressure for the effects of

wellbore damage to get the actual reservoir pressure from the measured pressure.

The skin factor is calculated from the following equation:

P, —P k-t
s=11513 "W _jop 4 —|+323
m (rp+l)-¢ﬁ-y-c,-rw

where, s = skin factor, dimensionless
P,,. = pressure intercept along the semilog straight line at a shut-in time of 1 hour,

psi

P, = measured injection pressure prior to shut-in, psi

|4 = appropriate viscosity at reservoir conditions, cp (See Appendix, page A-14)
m = slope of the semilog straight line, psi/cycle

k = permeability, md

¢ = porosity, fraction

¢, = total compressibility, psi’

r,, = wellbore radius, feet

t, = injection time, hours

A3
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Note that the term t/(t, +At), where At=1 hr, appears in the log term. This term is usually
assumed to result in a negligible contribution and typically is taken as 1 for large t.
However, for relatively short injection periods, as in the case of a drill stem test (DST),

this term can be significant.

Radius of Investigation

» The radius of investigation, r,, is the distance the pressure transient has moved into a
formation following a rate change in a well.

There are several equations that exist to calculate the radius of investigation. All the
equations are square root equations based on cylindrical geometry, but each has its own
coefficient that results in slightly different results, (See Oil and Gas Journal, Van Poollen,

1964).

. Use of the appropriate time is necessary to obtain a useful value of r,. For a falloff time
shorter than the injection period, use Agarwal equivalent time function, At,, at the end of
the falloff as the length of the injection period preceding the shut-in to calculate r;.

. The following two equivalent equations for calculating r; were taken from SPE
Monograph 1, (Equation 11.2) and Well Testing by Lee (Equation 1.47), respectively:

r = 10.00105—F o k-t
TN T puee, Y948-gouec,

Effective Wellbore Radius

» The effective wellbore radius relates the welibore radius and skin factor to show the
effects of skin on wellbore size and consequently, injectivity.

. The effective wellbore radius is calculated from the following:

bt
r‘lf&‘ = r“’e
A negative skin will result in a larger effective wellbore radius and therefore a lower
injection pressure.

Reservoir Injection Pressure Corrected for Skin Effects

. The pressure correction for wellbore skin effects, AP, is calculated by the following:
APy, =0868-m-s
where, m = slope of the semilog straight line, psi/cycle
s = wellbore skin, dimensionless

The adjusted injection pressure, P, is calculated by subtracting the AP, from the

measured injection pressure prior to shut-in, P, This adjusted pressure is the calculated
reservoir pressire prior to shutting in the well, At=0, and is determined by the following:

A-14
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P = Py — APy,

From the previous equations, it can be seen that the adjusted bottomhole pressure is-
directly dependent on a single point, the last injection pressure recorded prior to shut-in.
Therefore, an accurate recording of this pressure prior to shut-in is important. Anything
that impacts the pressure response, e.g., rate change, near the shut-in of the well should be

avoided.

Determination of the Appropriate Fluid Viscosity

If the wastestream and formation fluid have similar viscosities, this process is not
necessary.

This is only needed in cases where the mobility ratios are extreme between the
wastestream, (k/u),,, and formation fluid, (k/u); Depending on when the test reaches
radial flow, these cases with extreme mobility differences could cause the derivative
curve to change and level to another value. Eliminating alternative geologic causes, such
as a sealing fault, multiple layers, dual porosity, etc., leads to the interpretation that this
change may represent the boundary of the two fluid banks.

First assume that the pressure transients were propagating through the formation fluid
during the radial flow portion of the test, and then verify if this assumption is correct.
This is generally a good strategy except for a few facilities with exceptionally long
injection histories, and consequently, large waste plumes. The time for the pressure
transient to exit the waste front is calculated. This time is then identified on both the log-

log and semilog plots. The radial flow period is then compared to this time.

The radial distance to the waste front can then be estimated volumetrically using the
following equation:

_ 013368 Vwas!ef;y‘ecled
Foaste plume ™ Tk g}

where, V aste injested = cumulativ.e waste injected into the completed interval, gal
Tyusee plume = EStimated distance to waste front, fi
h = interval thickness, ft
¢ = porosity, fraction

The time necessary for a pressure transient to exit the waste front can be calculated using
the following equation:
_ 12673 p, ¢, - Vwas:efry‘ecred

nk-h

where, t,~ time to exit waste front, hrs
V yaste injected = CUmulative waste injected into the completed interval, gal

h = interval thickness, ft

fw
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k = permeability, md

i, = viscosity of the historic waste plume at reservoir conditions, ¢p

¢, = total system compressibility, psi’
The time should be plotted on both the log-log and semilog plots to see if this time
corresponds to any changes in the derivative curve or semilog pressure plot. If the time
estimated to exit the waste front occurs before the start of radial flow, the assumption that
the pressure transients were propagating through the reservoir fluid during the radial flow
period was correct. Therefore, the viscosity of the reservoir fluid is the appropriate
viscosity to use in analyzing the well test. If not, the viscosity of the historic waste plume
should be used in the calculations. If the mobility ratio is extreme between the
wastestream and formation fluid, adequate information should be included in the report to
verify the appropriate fluid viscosity was utilized in the analysis.

Reservoir Thickness

The thickness used for detenmination of the permeability should be justified by the
operator. The net thickness of the defined injection interval is not always appropriate.

The permeability value is necessary for plume modeling, but the transmissibility value,
kh/u, can be used to calculate the pressure buildup in the reservoir without specifying

values for each parameter value of k, h, and p.

Selecting an interval thickness is dependent on several factors such as whether or not the
injection interval is composed of hydraulically isolated units or a single massive unit and
wellbore conditions such as the depth to wellbore fill. When hydraulically isolated sands
are present, it may be helpful to define the amount of injection entering each interval by
conducting a flow profile survey. Temperature logs can also be reviewed to evaluate the
intervals receiving fluid. Cross-sections may provide a quick look at the continuity of the
injection interval around the injection well.

A copy of a SP/Gamma Ray well log over the injection interval, the depth to any fill, and
the log and interpretation of available flow profile surveys run should be submitted with
the falloff test to verify the reservoir thickness value assumed for the permeability

calculation.

Use of Computer Software

»

To analyze falloff tests, operators are encouraged to use well testing software. Most
software has type curve matching capabilities. This feature allows the simulation of the
entire falloff test results to the acquired pressure data. This type of analysis is particularly
useful in the recognition of boundaries, or unusual reservoir characteristics, such as dual
porosity. It should be noted that type curve matching is not considered a substitute, but is

a compliment to the analysis,

All data should be submitted electronically with a label stating the name of the facility,
the well number(s), and the date of the test(s). The label or READ.Me file should include

A-16
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the names of all the files contained on the diskette, along with any necessary explanations
of the information. The parameter units format (hh:mm:ss, hours, etc.) should be noted
for the pressure file for synchronization to the submitted injection rate information. The
file containing the gauge data analyzed in the report should be identified and consistent
with the hard copy data included in the report. If the injection rate information for any
well included in the analysis is greater than 10 entries, it should also be included
electronically.

Common Sense Check

. After analyzing any test, always look at the results to see if they “make sense” based on
the type of formation tested, known geology, previous test results, etc. Operators are
ultimately responsible for conducting an analyzable test and the data submitted to the

regulatory agency.

. If boundary conditions are observed on the test, review cross-sections or structure maps to
confirm if the presence of a boundary is feasible. If so, the boundary should be
considered in the AOR pressure buildup evaluation for the well.

. Anomalous data responses may be observed on the falloff test analysis. These data
anomalies should be evaluated and explained. The analyst should investigate physical
causes in addition to potential reservoir responses. These may include those relating to
the well equipment, such as a leaking valve, or a channel, and those relating to the data
acquisition hardware such as a faulty gauge. An anomalous response can often be traced
to a brief, but significant rate change in either the test well or an offset well.

. Anomalous data trends have also been caused by such things as ambient temperature
changes in surface gauges or a faulty pressure gauge. Explanations for data trends may be
facilitated through an examination of the backup pressure gauge data, or the temperature
data. It is often helpful to qualitatively examine the pressure and/or temperature channels
from both gauges. The pressure data should overlay during the falloff after being
corrected for the difference in gauge depths. On occasion, abrupt temperature changes
can be seen to correspond to trends in the pressure data. Although the source of the
temperature changes may remain unexplainable, the apparent correlation of the
temperature anomaly to the pressure anomaly can be sufficient reason to question the
validity of the test and eliminate it from further analysis.

. The data that is obtained from pressure transient testing should not collect dust, but be
compared to petition or permit parameters. Test derived transmissibilities and static
pressures can confirm compliance with no migration and non-endangerment {AOR)

conditions.



